stained with Monastral blue B, rolling and adhesion of leukocytes, production of oxygen radical in venular wall, albumin efflux and enhanced mast cell degranulation in vivo , all of which, except for the leukocyte rolling, were attenuated by the treatment with compound Danshen injection. Experiments performed in vitro further revealed that the expression of CD11b/CD18 and the production of oxygen free radical in neutrophils, and the expression of ICAM-1 in HUVECs were increased by exposure to LPS, and they were attenuated by compound Danshen injection.
INTRODUCTION
It is now well-recognized that stimulation with lipopolysaccharide (LPS) leads to a number of responses in microcirculation, such as endothelial cell damage, an increase in rolling, adhesion and emigration of leukocytes in post-capillary venules, enhanced oxygenfree radical production, mast cell degranulation and protein efflux [1] [2] [3] [4] [5] [6] . Furthermore, it is demonstrated that LPS stimulation evokes an increase in the expression of adhesion molecules, including L-selectin [7] and CD11b/CD18 in leukocytes, E-selectin and intercellular adhesion molecule 1 (ICAM-1) in endothelial cells [7] [8] [9] [10] [11] [12] [13] . In addition, LPS stimulation can cause the release of proinflammatory mediators and vasoactive substances, such
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Compound Danshen injection improves endotoxin-induced microcirculatory disturbance in rat mesentery
as tumor necrosis factor-alpha (TNF-α) and histamine, with the mast cell degranulation [14] . Therefore, many investigators have made much effort to abolish or reduce the LPS-elicited injury. For instance, it was reported that application of antibodies against adhesion molecules could inhibit LPS-induced leukocyte adhesion to post-capillary venules [15] . However, there are few in vivo studies about any treatment which attenuates microcirculatory disturbance via both scavenging the oxygen-free radicals and reducing the adhesion between leukocytes and vascular endothelium.
Compound Danshen injection is made from the aqueous extracts of Danshen (Salvia miltiorrhiza), and it has been clinically used for treatment of various vascular diseases in China. There are twelve ingredients in compound Danshen injection (Figure 1 ), which are 3, 4-dihydroxy-phenyl lactic acid (DLA), protocatechu aldehyde (Pal), salvianolic acid I (SalI), salvianolic acid H (SalH), salvianolic acid D (SalD), salvianolic acid G (SalG), salvianolic acid E (SalE), rosmarinic acid (RA), lithospermic acid (LsA), salvianolic acid B (SalB), salvianolic acid A (SalA), and isosalvianolic acid C (ISalC). It is thus interesting to know the physiological actions of this medicine, especially at molecular level. Several lines of data have accumulated so far in this field. To mention a few, for example, pretreatment with Cardiotonic Pills (CP, the major ingredients of which are DLA and SalB) attenuated the gut ischemia/reperfusion-induced leukocyte adhesion in the liver sinusoids and plasma TNF-α and endotoxin [16] , and diminished the thrombi induced by photochemical stimulation in rat mesenteric venules, as demonstrated in our previous study [17] . CP was reported to inhibit the expression of ICAM-1 and vascular cell adhesion molecule 1 (VCAM-1) in endothelial cells [18] . Aqueous extract of Danshen has been shown to inhibit the expression of ICAM-1 and this effect may be due to its capacity to block the activation of nuclear factor kappa-B (NF-κB) of endothelial cells [19, 20] . DLA and SalB were also shown to inhibit TNF-α-induced NF-κB secretion in human umbilical vein endothelial cells (HUVECs) [20] . Kim et al [21] revealed that Danshen water-soluble extract abrogated the LPS-induced NF-κB signaling pathway by targeting the I-κB-α kinase (IKK) complex in intestinal epithelial cells. Aqueous extract of Danshen was also found to reduce the oxidative stress in endothelial cell [22] and lipid peroxidation in hepatocytes and hepatic stellate cells [23] . DLA can effectively scavenge superoxide anion generated from the xanthin-xanthin oxidase system and protect the myocardial mitochondria from lipid peroxidation [24] . H owe ve r, l i t t l e i s k n ow n a b o u t t h e a c tion of compound Danshen injection on leukocyte-endothelial cell interaction during endotoxin-induced microcirculatory disturbances in vivo. Therefore, in the present study, an LPS-induced rat mesentery microcirculatory disturbance model was used and an inverted intravital microscope assisted with the CCD camera, SIT camera, high-speed video camera system was utilized, in attempt to explore the dynamics of microcirculation alterations occurred in vivo and the inherent mechanism. The parameters examined in vivo included the diameters of arterioles and venules, velocity of RBCs in venules, leukocyte rolling, adhesion and emigration, free radicals released from postcapillary venules, FITC-albumin leakage and mast cell degranulation. Meanwhile, the expression of adhesion Figure 1 LC-MS chromatograms of compound Danshen injection sample (A) and MS total ion current chromatograms of compound Danshen injection sample (B). The common peaks in panel A represent Danshensu (peak 1), protocatechu aldehyde (peak 2), salvianolic acid I or H (peak 3), salvianolic acid I or H (peak 4), salvianolic acid D (peak 5), salvianolic acid G (peak 6), salvianolic acid E (peak 7), rosmarinic acid (peak 8), lithospermic acid (peak 9), salvianolic acid B (peak 10), salvianolic acid A (peak 11) and isosalvianolic acid C (peak 12). For determination of phenolic acids, 1 mL of compound Danshen injection sample was directly diluted to 4 mL with deionized water, and the resulting solution was filtered through a membrane (0.45 μm pore size) and then injected into HPLC. The analyses were performed using an Agilent series 1100 HPLC system (Agilent, Waldronn, Germany). In order to identify the structures of main constituents in compound Danshen injection, the sample was analyzed by HPLC-MS techniques [24] . Twelve common peaks in compound Danshen injection were designated (Figure 1 
MATERIALS AND METHODS
Chemicals
Animal preparation
All studies were approved by and all animals were handled according to the guidelines of the Keio University Animal Research Committee. Male Wistar rats, weighing 200-250 g, (Saitama Experimental Animals Supply Co. Ltd, Saitama, Japan) were fasted for 12 h before the experiment, allowing for free access to water.
Surgical procedure in the present study was almost same as our previous study [25] . Briefly, rats were anesthetized and the right jugular vein and artery were cannulated for the infusion of compound Danshen injection or LPS. After abdomen was opened, ileocecal portion of the mesentery was gently mounted on a transparent plastic stage designed for the rat. Microcirculation hemodynamics in the mesentery was observed by a transillumination method using an inverted microscope (Diaphot TMD-2S; Nikon, Tokyo, Japan). The mesentery was transilluminated with a 12-V, 100-W, direct current-stabilized light source. Video images were recorded with a video-cassette recorder [25] . Single unbranched venules with diameters ranging between 25 and 40 μm and length longer than 200 μm were selected for study.
Administration of endotoxin and compound Danshen injection
In the control group, physiological saline (6 mL/kg body weight per hour) was continuously infused through the jugular vein. In the LPS group, LPS in saline was continuously infused through the jugular artery at the dose of 2 mg/kg body weight per hour. In the LPS plus compound Danshen injection group, compound Danshen injection was diluted 5-fold with physiological saline and infused by the jugular vein (6 mL/kg body weight per hour), which started 10 min before the LPS infusion.
Measurement of microvascular parameters
The diameters of mesenteric arterioles or venules were determined using a video measuring gauge (IV-560; Hoei, Tokyo, Japan).
The velocity of RBCs in the venule was recorded at a rate of 1000 frames/s using a high-speed video camera system (Ektapro 1000; Kodak, San Diego, CA, USA), and the recordings were replayed at a rate of 30 frames/s from the high-speed stored images. RBC velocity in the venule was measured with a temporal correlation velocimeter (CapiFlow, Kista, Sweden) [25] . Monastral Blue B (MBB) solution (0.1 mL/100 g of body weight) was administered via the jugular vein immediately before the starting of LPS infusion. The microvascular images of the mesentery were recorded with the video recording system (CC-090; Flovel, Tokyo, Japan). The length of microvascular wall stained with MBB was traced using the stored microcirculatory images in the video tape and estimated as MBB-positive length along a 200-μm long segment of venule [5] . The number of leukocytes that were rolling, adherent and emigrated was determined off-line during playback of videotaped images. The rolling leukocytes were defined as those that could be seen moving within a small videotape images recorded and expressed as the number per 200 μm of venule length [25] . Leukocyte emigration was quantified as the number of leukocytes per field of view surrounding the venule.
To evaluate the albumin leakage across mesenteric venules, the animals were intravenously injected with 50 mg/kg of FITC-labeled bovine serum albumin 10 min before each experiment, as described previously [25] . Fluorescence intensity of FITC-albumin on the venular wall (excitation 420 to 490 nm; emission 520 nm) was determined using a silicon-intensified target camera (C-2400-08; Hamamatsu Photonics, Hamamatsu, Japan), and measured with an image processor [25] .
In an other set of experiments, the oxidant-sensitive fluorescent probe dihydrorhodamine 123 (DHR; Molecular probes) was added to the mesenteric superfusate (10 μmol/L) to assess the oxidant stress in venular walls, as described previously [25] . DHR fluorescence intensity on the venular wall was observed and estimated with an image processor [25] . Mast cells were identified by vital staining with topical application of 0.1% toluidine blue to the mesentery at 60 min after the LPS infusion. The numbers of both nondegranulated mast cells and degranulated mast cells were scored from the CCD video images, and the ratio of the number of degranulated mast cells to the total number of mast cells was calculated and expressed as the degranulated mast cell ratio [25] .
Electron microscopy
The mesentery in each experiment condition was also prepared for electron microscopy. Briefly, the animals were divided randomly into 3 groups, 3 rats each, and continuously infused for 60 min with physiological saline, LPS or LPS plus compound Danshen injection, respectively. Immediately after infusion, the rats, maintained under deep anesthesia, underwent perfusion through the left ventricle with physiological saline followed by 120 mL of phosphate-buffered 40 g/L paraformaldehyde plus 20 g/L glutaraldehyde at a speed of 3 mL/min. The mesentery tissues were then removed, localized and further fixed by immersion in phosphatebuffered 30 g/L glutaraldehyde for 1 h. The tissues were routinely processed for transmission electron microscopy and examined in JEM 1230 (JEOL, Japan).
Determination of expression of adhesion molecules CD11b and CD18 in neutrophils
Blood was taken from the abdominal aorta of normal rats and anticoagulated with heparin. In control group (n = 6), no LPS or drugs were added. In LPS group (n = 6), the samples were treated with LPS (2 μg/mL). In the compound Danshen injection-treated group (n = 6), both LPS (2 μg/mL) and compound Danshen injection were added to 200 μL blood, the final concentration of the latter was either 20 μL/mL or 30 μL/mL. All the preparations were maintained at 37℃ for 2 h, and afterward incubated with FITC-labeled anti-CD11b (5 μg/mL), FITC-labeled anti-CD18 (5 μg/mL) antibodies or corresponding FITC-labeled mouse isotype (5 μg/mL) for 20 min at room temperature. The erythrocyte lysis was accomplished using haemolysin according to the manufacturer's instruction, and the cells were washed twice with PBS. The mean fluorescence intensity was accessed with flow-cytometry (FACS Calibur; BD Company, USA). Neutrophils were then sorted by characteristic forward-/ side-scatter expression as reported previously [26] . Five thousands of neutrophils were evaluated for each sample.
Detection of production of oxygen-free radical in neutrophils In a separated group of rats, blood samples were taken from the abdominal aorta and anticoagulated with heparin. Neutrophils were isolated using Mono-poly resolving medium following the manufacturer's instruction, and suspended in RPMI 1640 medium. Cells were preloaded with 25 μmol/L dihydrorhodamine 123 (DHR) at 37℃ for 20 min. The DHR passively diffuses across the cell membranes, where it is oxidized to cationic rhodamine 123 and localizes in the mitochondria. After labeling, the cells were treated with both compound Danshen injection (0.2 μL/mL, 0.5 μL/mL and 1.0 μL/mL, respectively) and LPS (2 μg/mL) for 20 min on ice, the production of hydrogen peroxide was then determined by flow cytometry by measuring emission at 590 nm for DHR [27] .
Determination of expression of adhesion molecule ICAM-1 in HUVECs
Human umbilical vein endothelium cells (HUVECs) were provided by Cascade Company, and 3 passages were used. The confluent monolayer of HUVECs was incubated with 5 μL/mL, 10 μL/mL or 20 μL/mL of compound Danshen injection for 4 h, followed by addition of LPS (0.1 μg/mL) and incubation for further 12 h. Afterwards, HUVECs were digested and collected, and incubated with PE-labeled antibody against ICAM-1. The mean fluorescence intensity was accessed by flow cytometry (FACS Calibur; BD Company, USA).
Statistical analysis
The data were analyzed by one-way ANOVA and Fisher ' s post test. All values were expressed as mean ± SD of values from 6 rats. P < 0.05 was considered statistically significant.
RESULTS
Changes in vascular diameter and velocity of RBC in venules
No significant alteration was observed in the diameter of either arterioles or venules in mesenteric microcirculation during 60 min of LPS infusion, and the situation remained unchanged by continuous treatment with compound Danshen injection (data was not shown).
The examination of velocity of RBCs in venules revealed that there was no significant difference among the groups prior to LPS infusion. LPS infusion gave rise to a significant decrease in the velocity of RBCs in venules from 40 min to 60 min of LPS infusion than that at 0 min. Continuous treatment with compound Danshen injection significantly attenuated the LPS-induced decrease in the velocity of RBCs in venules (Figure 2 ).
Changes in MBB-positive areas along the venules
No MBB staining was observed in venular wall before LPS infusion (Figure 3Aa ). After LPS infusion, numerous MBB staining areas were detected in venular wall at 20 min and 60 min (Figure 3Ab and Ac). The time course of changes in the length of venular wall stained with MBB is shown in Figure 3B . It was found that LPS infusion resulted in a progressive increase in the length of venular wall stained with MBB, starting from 10 min and keeping increase until 60 min of LPS infusion. These MBB-positive reactions along the venules were markedly suppressed by the continuous treatment with compound Danshen injection.
Changes in the number of rolling leukocytes along venular walls and leukocytes adherent to venular walls
The result concerning the time course of changes in the number of rolling leukocytes along venular walls is summarized in Figure 4A . At baseline, the number of rolling leukocytes along venular wall of 200 μm in length was less than 5 per 10 s, and no apparent difference among the control group, LPS group, and LPS plus compound Danshen injection group could be detected. The number of rolling leukocytes along venular walls was significantly increased from 10 min to 20 min after LPS infusion. A similar alteration was observed in the LPS plus 
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compound Danshen group without significant difference in comparison with LPS exposure alone. T he time course of chang es in the number of leukocytes adherent to venular wall was examined and the result is depicted in Figure 4B . Obviously, the increase in the number of leukocytes adherent to venules initiated from 10 min after LPS infusion and remained until 60 min of LPS infusion. On the other hand, continuous treatment with compound Danshen injection caused a profound attenuation in leukocyte adhesion in venules induced by LPS infusion.
Changes in the number of leukocytes emigrated from venule
The number of leukocytes emigrated from venules was evaluated. No leukocyte emigration was detected in the control group in so far as the areas examined. However, after 40 min of LPS infusion, the emigrated leukocytes, although of a small number, could be obser ved. By contrast, in the LPS infusion plus compound Danshen injection group, few, if any, of leukocytes could be found emigrated from venules (data not shown).
Changes in intensity of DHR fluorescence in the venular walls
An experiment was carried out to determine the effect of treatment with compound Danshen injection on the fluorescence intensity of the H2O2-sensitive probe DHR in rat mesentery venular walls challenged by LPS ( Figure  5A ). Before LPS infusion (0 min), no detectable DHR florescence was observed in either LPS group (Figure 5Aa The time course of changes in DHR fluorescence ratio on venular walls is presented in Figure 5B . Here the fluorescence ratio is defined as the ratio of the fluorescence intensity of a time point of LPS infusion to the baseline fluorescence intensity. The result demonstrated that DHR fluorescence ratio on the venular wall had no significant change in control group throughout the period of observation as compared with the baseline. On the contrary, the intensity of DHR fluorescence significantly increased in the LPS infusion group from 20 min and this tendency persisted till 60 min of LPS infusion. Continuous treatment with compound Danshen injection caused a significant attenuation in the increased DHR fluorescence induced by LPS infusion.
Changes in albumin leakage
The albumin leakage from the rat mesentery venular walls in the LPS group and LPS plus compound Danshen injection group was evaluated at baseline (0 min) and 60 min after LPS infusion, respectively, and the representative fluorescence images are illustrated in Figure 6 . Before LPS infusion, no obvious albumin leakage was detected in either LPS group (Figure 6Aa ) or LPS plus compound Danshen injection group panel (Figure 6Ac ). The albumin leakage from venular wall was observed at 60 min after LPS infusion (Figure 6Ab ). The LPS-induced albumin leakage from venule was apparently suppressed by the treatment with compound Danshen injection (Figure 6Ad) .
The quantitative evaluation of the results are presented as a percentage of albumin leakage changed with time and shown in Figure 6B . It is evident that the baseline albumin leakage was undetectable in all the three conditions studied. In control group, the albumin leakage from the venular wall maintained non-significant alteration over the observation period. The increase in albumin leakage became significant after 20 min of the LPS infusion, which was more pronounced at 60 min. This increase was inhibited by the treatment with compound Danshen injection at 60 min after the LPS infusion.
Mast cell degranulation
Mast cell degranulation was examined after 60 min of LPS infusion in various conditions, and the results were quantified as the ratio of the number of degranulated mast cells to the total number of mast cells examined (Figure 7) . We found that LPS infusion resulted in an apparent increase in the mast cell degranulation in comparison with the control (55.3% ± 12.9% vs 22% ± 4.1%), and this increase was suppressed significantly by compound Danshen injection (27.5% ± 7.1%).
Ultrastructure changes in post-capillary venules
The representative electron micrographs of post-capillary venules in rat mesentery in control, LPS infusion and LPS plus compound Danshen injection groups are presented in Figure 8 . The lumen of venules in normal rat mesentery was lined by a layer of endothelial cells, which exhibited rather smooth inner face with occasionally occurred microprojections on the surface and vesicles in the cytoplasm (Figure 8A and D) . LPS infusion led to an apparent alteration in the ultrastructure of the Figure 7 Quantitative evaluation of mast cell degranulation along venules in control group, LPS group and LPS plus compound Danshen injection group at 60 min after saline or LPS infusion. Control: Control group; LPS: LPS group; LPS + Danshen: LPS + compound Danshen injection group. Data are mean ± SD from 6 rats.
a P < 0.05 vs control group; c P < 0.05 vs LPS group.
endothelium of post-capillary venules, which were characterized by plentiful vesicles of different size in the cytoplasm and multiple cytoplasmic projections on the inner surface ( Figure 8B and E). Some of the vesicles in the cytoplasm were located beneath or directly connected to both sides of the plasma membrane, indicating their possible function for transendothelial traffic. Adherent leukocytes were frequently observed, which were attached to the venular wall through the cytoplasmic projections of the endothelium. The LPS-induced alterations in the ultrastructures of endothelium were significantly abated by treatment with compound Danshen injection ( Figure 8C and F).
Fluorescence intensity of adhesion molecules CD11b and CD18 in neutrophils
An in vitr o study was perfor med to deter mine the fluorescence intensity of adhesion molecules CD11b and CD18 in neutrophils ( Figure 9 ). The fluorescence intensity of CD11b and CD18 was significantly increased by LPS stimulation compared to the control group. Treatment with compound Danshen injection of 20 μL/mL or 30 μL/mL significantly inhibited the fluorescence intensity of CD11b and CD18 in neutrophils induced by LPS stimulation.
Changes in intensity of DHR fluorescence in neutrophils
The intensity of DHR fluorescence in neutrophils was determined in vitro. LPS exposure significantly increased the fluorescence intensity of DHR in neutrophils (51.12 ± 13.20) compared with control group (30.52 ± 6.57), and this increase was almost completely abolished by the treatment with compound Danshen injection when the concentration was 0.5 μL/mL (33.57 ± 9.92) and 1.0 μL/ mL (33.58 ± 8.17) (Figure 10 ).
Fluorescence intensity of adhesion molecules ICAM-1 in HUVECs
The fluorescence intensity of adhesion molecule ICAM-1 in HUVECs is illustrated in Figure 11 . In comparison with control g roup, the f luorescence intensity of 
DISCUSSION
In the present study, compound Danshen injection was found to reduce the rat mesenteric microcirculatory disturbance induced by LPS continuous infusion except for an increase in the leukocyte rolling. Up-regulation of a variety of adhesion molecules was evoked following the LPS stimulation, mediating different phases of leukocyte recruitment in microvessels, with L-selectin in leukocytes and E-selectin in endothelial cells [7, 28, 29] being involved in leukocyte rolling along vascular endothelium [7] , and CD11b/CD18 in leukocytes and ICAM-1 in endothelial cells implicated in firm adhesion of leukocytes to vascular wall [5, 15, 30, 31] . The fact that compound Danshen injection did not display any effect on the LPS-induced leukocyte rolling implies that it might reduce leukocytes adhering to venular wall through its inhibitory effect on the expression of adhesion molecules either CD11b/CD18 in neutrophils or ICAM-1 in endothelial cells or both rather than selectins. It was claimed that the LPS-induced expression of adhesion molecules CD11b/CD18 in neutrophils was related to the translocation of CD11b/ CD18 from secretory vesicles and specific granules to the plasma membrane [10] as well as the conformation change in I-domain, the active region of CD11b/CD18 in neutrophils [31] [32] [33] . On the other hand, the expression of adhesion molecules ICAM-1 in endothelial cells was modulated by NF-κB [34] , and conformation change in I-domain in endothelial cells [30, 35, 36] . Previous in vitro studies demonstrated that aqueous extract of Danshen, the main ingredients of compound Danshen injection, inhibited the expression of ICAM-1 and activation of NF-κB in endothelial cells [19, 20] . Likewise, DLA and SAB, the main ingredients of Danshen, were reported to inhibit TNF-α-induced NF-κB secretion in HUVECs [20] . Kim et al [21] revealed that Danshen water-soluble extract abrogated the LPS-induced NF-κB signaling pathway by targeting the IKK complex in intestinal epithelial cells. However, the mechanism whereby compound Danshen injection inhibits the expression of adhesion molecules of leukocytes and endothelial cells needs further research.
It was repor ted that leukocyte adhesion to the venules triggered the release of oxygen-free radicals from leukocytes [4] . DHR, an H2O2-sensitive fluorescent probe successfully used to measure intracellular H2O2 levels, allowed us to monitor the dynamic alteration in the oxidative stress [25] . DHR fluorescence intensity in venules was significantly increased starting from 20 min of LPS infusion, and this increase was suppressed by the treatment with compound Danshen injection. It is unable to distinguish the DHR fluorescence of leukocytes from that of endothelial cells due to the limitation of resolution. However, the continuous linear appearance of the fluorescence images observed in the present study seems to represent H2O2 level in venular wall, especially in the endothelium. Nevertheless, the result from our in vitro experiment documented that compound Danshen injection significantly inhibited the production of H2O2 in neutrophils induced by LPS, indicating that it scavenged oxygen-free radicals from both endothelial cells and neutrophils.
It is well recognized that mast cell degranulation induced by LPS leads to the release of pro-inflammatory mediator and vasoactive substances, such as histamine, IL-5, IL-6 and TNF-α through TLR-4 receptor [3, [37] [38] [39] . These pro-inf lammator y mediator and vasoactive substances attack vessels from outside [40] , promote the expression of VCAM-1 and E-selectin on endothelial cells [41] , increase the rolling and adhesion of leukocytes, and enhance the albumin leakage [39, 41, 42] . In the present study, the degranulation of mast cells induced by LPS infusion was found to be markedly inhibited by the treatment with compound Danshen injection in terms of the degranulated mast cell ratio, sug gesting that compound Danshen injection is also capable of protecting the microvessels by blockage of vasoactive substances from outside. MBB is a macromolecule pigment which is able to immerge into the impaired vascular endothelium as well as intercellular spaces but unable to penetrate the endothelium basal lamina, and thus can be used as a marker to identify the injury sites of blood vessel 43] . Pretreatment of samples with MBB made it possible to monitor the vascular endothelium injury occurring with time [44] . The result of our present study showed that the significant increase in MBB staining area initiated at 10 min after LPS infusion, and the increase trend persisted until 60 min. Interestingly, a similar time course of change was noted in the LPS-induced increase in the number of adherent leukocytes and the production of oxygen-free radicals. Thus, the vascular endothelium injury appears to be associated with both the interaction between leukocytes and endothelium and the pernicious effect of oxygenfree radicals. Compound Danshen injection significantly reduced the area of MBB staining elicited by LPS infusion, suggesting that compound Danshen injection was potentially able to protect vascular endothelium from injury.
The pathway for the albumin leakage from mesentery venules found upon LPS stimulation is still to be explored. It was documented in the lung [45] and myocardium [46] that the increased vascular per meability induced by inflammatory stimulations was due to the enhanced transendothelium traffic, which was carried out by a population of cytoplasm vesicles. In line with these findings, the result of electron microscopy in the present study showed that the number of vesicles in cytoplasm of endothelial cells of venules was increased apparently by LPS continuous infusion, whereas the endothelial cells themselves and the intercellular junctions remained intact, implying that the LPS-induced albumin leakage observed in the present situation was accomplished by the transendothelium route. Treatment with compound Danshen injection reduced the number of endothelium cytoplasm vesicles as well as FITC-labeled albumin leakage from venular wall induced by LPS, suggesting that it inhibited albumin leakage from venular wall by modulation of the transendothelium traffic. In summary, our present study demonstrated that compound Danshen injection significantly attenuated the LPS-induced microcirculatory disturbances, including endothelial cells damage, adhesion of leukocytes to venular wall, production of oxygen-free radical in venular wall, albumin leakage from venules and mast cell degranulation. Compound Danshen injection reduced adhesion of leukocytes to venular wall through inhibition of the expression of CD11b/CD18 in neutrophils or ICAM-1 in HUVECs or both. Furthermore, the protective effect of compound Danshen injection on the endothelium may ascribe to its diverse actions, including scavenging oxygenfree radicals from both leukocytes and endothelial cells, the attenuation of leukocyte adhesion, and the inhibition of the mast cell degranulation. Overall, the results of our present study revealed the multi-targeting potential of compound Danshen injection in the improvement of the LPS-induced microcirculatory disturbance. Experiments are currently being undertaken in our laboratory to discriminate among the constituents present in the compound Danshen injection which are responsible for the respective actions exerted by this medicine.
